Quality of newly hatched larvae (NHL) of M. brachydactyla in captivity has been 12 characterized throughout the year to evaluate their availability for mass production. 13
Introduction 28
Larval production is a major concern for aquaculture purposes. Not only the quantity 29 6 by high-performance thin-layer chromatography (HPTLC) following the method by 111 Olsen and Henderson (1989) . After separation, bands were identified by charring the 112 plates at 100ºC for 30 min after spraying with 3% (w/v) aqueous cupric acetate 113 containing 8% (v/v) phosphoric acid and quantified by scanning densitometry using a 114 GS 800 Calibrated Densitometer (Bio-Rad, Bio-Rad Laboratories, Inc, Hercules, CA, 115 USA). Lipid class composition was analyzed for each batch and grouped in seasons in 116 order to simplify the interpretation of the results. 117
Fatty acid methyl esters (FAME) were prepared from total lipid by acid-catalysed 118 transmethylation using 2 mL of 1% H 2 SO 4 in methanol plus 1 mL toluene (Christie, 119 1982) and thereafter extracted twice using isohexane/diethyl ether (1:1, v:v) (Ghioni et 120 al., 2002) and purified on TLC plates. FAME were separated and quantified by gas-121 liquid chromatography on a Trace GC (Thermo, Thermo Fisher Scientific Inc., 122
Waltham, MA, USA) using a flame ionization detector and on column injection. 123
Individual methyl esters were identified by comparison to known standards (Supelco 37 124 FAME mix 47885-U) and a well characterized fish oil, and quantified by means of the 125 response factor to the internal standard 21:0 fatty acid, added prior to transmethylation, 126 using a Chrompack program for Windows (Thermo Electron, Winsford, UK). The fatty 127 acid composition was analyzed in pure lipid extracts from 5 batches (n=5, randomly 128 chosen) per season. 129 7 procedures outlined in AOAC methods 974.29 and 970.64 (AOAC, 2007a, b) whereas 136 for vitamin C the method by Wimalasiri and Wills (1983) was used. AA content was 137 analyzed by HPLC-fluorescence based on the methods by Davies and Thomas (1973) 138 and Pfeifer et al. (1983) . The analyses of Na, K, Ca, Fe, Cu, Mg and Mn were 139 performed by atomic absorption spectrophotometry (AAS) following the official 140 methods of AOAC (AOAC, 2007c, d, e, f, g, h) . Chlorides were analyzed 141 volumetrically following the method described in the official method 937.09 (AOAC, 142 2007i) whereas P was analyzed spectrophotometrically (AOAC, 2007j) and S by means 143 of the sodium peroxide method (AOAC, 2007k) . Sr was estimated by inductively 144 coupled plasma (ICP) analysis. 145
Statistics 146
Data sets were analyzed and plotted using the SigmaPlot 9 and SigmaStat 3 software 147 packages (Systat Software Inc., USA). Monthly changes in biomass (DW, ash and 148 proximate biochemical contents), and seasonal changes in lipid class, fatty acid, AA, 149 mineral and vitamin content were evaluated by means of one-way ANOVA analysis. 150
Post-hoc comparisons among groups (using either months or seasons as independent 151 variables) were performed by Holm-Sidak test. Statistical significant differences 152 8 the larvae per batch and female. Monthly changes in DW, ash content and proximate 161 biochemical composition of newly hatched larvae (NHL) are also shown in Table 1 (in  162 µg larva -1 ). Dry weight of NHL gradually decreased along the year, from 108±0 µg 163 larvae -1 in January to 75±14 µg larvae -1 in November. Ash content represented in 164 average 27% of the larval DW and showed a significant decrease in the batches at the 165 end of the year in parallel with the decrease observed in DW. Individual Pr, Lip and Ch 166 content of NHL showed no significant changes along the year (Table 1) and Lip/Pr ratio 167 was maintained all the year round at 0.2. On the other hand, a gradual and significant 168 increase was detected in the relative Pr and Lip content (%DW) of NHL along the year 169 (Fig 1) . 170
Significant changes in lipid class composition were detected between spring and autumn 171 batches (Table 2) . Thus the increase in total lipid content observed in the larvae 172 obtained in autumn was the consequence of a significant increase in phospolipids (i.e. 173 phosphatidylcholine-PC, phosphatidylserine-PS and phosphatidylethanolamine-PE) and 174 cholesterol. Triacylglycerids (TG) also increased from spring (10.00±4.10 µg mg DW -1 ) 175 to autumn (12.65±5.50 µg mg DW -1 ) but this increase was not statistically significant. 176
Total fatty acid (µg FA mg Lip -1 ) content of NHL did not change significantly among 177 seasons (Table 3) . Saturated FA accounted for 27 to 30% of total FA whereas monoenes 178 ranged from 17 to 20% of FA. Polyunsaturated fatty acids (PUFA) represented the main 179 FAs in NHL of M. brachydactyla, accounting for 49% of total FA in the larvae obtained 180 at spring and up to 53% of total FA in summer. Eicosapentaenoic acid (EPA, 20:5n-3) 181 content of larvae hatched in autumn (12.23±4.45 µg mg DW -1 ) was significantly higher 182 than in spring (6.63±3.27 µg mg DW -1 ) and summer (6.96±1.76 µg mg DW -1 ) that 183 resulted in an increase in EPA/ Docosahexaenoic acid (DHA, 22:6n-3) ratio (EPA/9 PUFA as seasons advanced was also reflected in the n-3/n-6 ratio, increasing 186 significantly from 5.34±0.76 in spring to 7.53±0.99 and 7.39±1.12 in summer and 187 autumn, respectively. 188
Amino acid (AA) profile of the larvae hatched at different seasons is shown in Table 4 whereas a significant increase in vitamin C was detected throughout the year. 195
Mineral content of NHL changed significantly through the year (Table 6) vannamei). On the contrary, larvae of C. granulata that hatched with a biomass lower 231 than the average tended to develop slower, resulting in larger juveniles with a 232 significantly higher tolerance to starvation (Giménez et al., 2004) . 233
Although a significant reduction in larval weight was observed along consecutive 234 spawning, NHL had a similar absolute individual protein and lipid content (µg larva -1 )11 along the year, resulting in significantly higher protein and lipid content (%DW) in 236 larvae at the end of the year than the larvae obtained at the beginning of the spawning 237 season. Up to date, reports on the variation in protein content of the offspring 238 throughout the spawning season are contradictory. In wild populations of M. 239 brachydactyla no differences were detected in the protein content of eggs from 240 consecutive spawns (Verísimo, 2000) . In L. vannamei, although total protein levels in 241 the eggs did not change significantly from the beginning to the end of the spawning 242 period, protein content in the nauplii decreased significantly and concomitant with a 243 reduction in body size and weight (Palacios et al., 1999) . In the same species, no further 244 evidences of the relationship between total protein levels and spawn or larval quality 245 have been found (Racotta et al., 2003) . 246
Relative lipid content increased significantly in batches from spring to autumn. The 247 association between lipid concentration and the physiological condition or performance 248 of decapod larvae is supported by several studies as reviewed by Racotta et al. (2003) . 249 Furthermore, TG are considered the most important energy reserve during 250 embryogenesis and early larval development in L. vannamei, in which a positive 251 correlation between TG content in the nauplii and larval survival to stress was found 252 (Palacios et al., 1999) . Also in the lobster, Homarus gammarus, high TG content in the 253 larvae increase the chances for survival to stressors such as low salinity, pollution or 254 starvation (Wickins et al., 1995) . In addition to TG, phospholipids (PL) have specific 255 functions during larval development (Coutteau et al., 1997) and their contents can also 256 be related to larval quality. Specifically, a growth-promoting effect was found in12 dietary cholesterol. In the wild, spider crab's main spawning season occurs in spring, 261 however, some berried females have been reported during autumn (González-Gurriarán 262 et al., 1998), thus NHL are expected to face environmental adverse conditions, such as 263 low temperatures and prey scarcity. Therefore, the high lipid content (together with the 264 increase in proteins) found in autumn batches of M. brachydactyla might be explained 265 as a species adaptative strategy, compensating the decrease in DW. As in our conditions 266 broodstock diet and temperature were constant throughout the year, seasonal variation 267 in larval composition in terms of lipid content suggests that photoperiod might be a key 268 factor controlling the female reproductive cycle. Further studies would be needed to test 269 this hypothesis. 270
The fatty acid profile of NHL reflected the changes observed in total lipid levels from 271 spring to autumn, as clearly shown by the significant increase in EPA and in EPA/DHA 272 and n-3/n-6 ratios. As in the case of TG, n-3 PUFA have been cited to increase the 273 chances for survival of lobster larvae (Wickins et al., 1995) . According to 
